INTRODUCTION
============

In April 2009, the first cases of influenza A(H1N1)pdm09 were discovered in Mexico and California (USA). At the end of that year, the new virus had caused, at least, 18,000 deaths[@B14]. Unlike what happened in these countries, the arrival of the influenza A(H1N1)pdm09 in the Southern Hemisphere coincided with the period of circulation of seasonal influenza. In Argentina, the first cases of influenza A(H1N1)pdm09 were detected in early May, registering a peak circulation of the virus in late June[@B18]. Compared with other countries in the Southern Hemisphere, Argentina recorded the highest rates of mortality from influenza A(H1N1)pdm09[@B18].

There are very few studies that analyze the spatiotemporal interactions of cases of influenza A(H1N1)pdm09. Furthermore, these studies were conducted primarily in developed countries and have focused only on the dynamics of 2009, the first year of the appearance of the virus[@B06] ^,^ [@B10] ^,^ [@B13] ^,^ [@B19] ^,^ [@B20]. After the first year of the onset of influenza A(H1N1)pdm09, there have been new outbreaks in some countries (New Zealand[@B02], the United Kingdom[@B05] and Mexico[@B03]). However, since the emergence of the virus, no studies have thus far been conducted to analyze the spatial-temporal trends in the medium term.

A more detailed study on patterns of the intranational spatial spread of the virus would raise new hypotheses about the factors that influence its rapid circulation. Moreover, this would allow more effective design policies for prevention and control measures in the context of a significant increase in demand on health systems.

The aim of this paper is to analyze the spatiotemporal variations of cases of influenza A(H1N1)pdm09 in Argentina, between 2009 and 2012.

MATERIAL AND METHODS
====================

Data collected by the National Surveillance System based on Laboratories (SIVILA) were used. Health establishments present in all provinces of Argentina reported to this system. More detailed information on the monitoring system can be found in VAN KERKHOVE *et al.* [@B18]

All laboratory confirmed cases of pandemic influenza A(H1N1)pdm09 between 2009 and 2012 that were confirmed with registered information about a department of residence were evaluated.

The spatial units were composed of the 509 departments that make up the Argentine territory, and the autonomous city of Buenos Aires. [Figure 1](#f01){ref-type="fig"} shows the 24 jurisdictions that comprise the Argentine territory.
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In addition, age and sex were recorded when available. In 2009, 66.2% and 70.2% of the reported cases had data on age and sex, respectively. In 2011, this percentage was 97.2% for both variables, while in 2012, 85.9% and 73.1% were the respective totals for this information. Notified cases were divided into six age groups (0-4, 5-14, 15-29, 30-44, 45-59 and 60 + years) and two groups according to sex. For each age and sex group, population data from the 2010 Census[@B07] were used as the denominator for notification rates. Because there are no population data by age group and sex for the years 2009, 2011 and 2012, data from the 2010 census were used as the denominator of the rates over the years.

Cluster definition: the general concept of cluster means a more heterogeneous \'clumped\' distribution of disease cases than would be expected from the variation in population density and chance fluctuations[@B01]. A space-time permutations scan statistic was conducted to test the non-randomness in the interaction between the space and time of the recorded cases of influenza A(H1N1)pdm09[@B08] ^,^ [@B09]. This analysis consists of thousands of cylinders that move through the different points (formed by the geographic center of each department). Each cylinder has a base, which represents the geographical area, and a height, which is the time (in this case, the unit of time is the month). The base of each cylinder comprised a maximum of 50% of the population, while the height was a maximum period of six months. The cylinder with more observed cases than expected, with respect to the cases reported outside the cylinder, is called \'cluster 1\' (or \'most likely cluster\'). The expected number of cases was estimated assuming complete spatial-temporal randomness, which is synonymous with assuming a constant risk (Poisson) distribution. Since the space-time permutation scan statistic requires only case data, for each department and month the expected cases were calculated as the proportion of all cases that occurred in a department (\'x\') times the total number of cases during month (\'y\'). The expected number of cases in each cylinder is the summation of every department\'s expected cases that comprised that cylinder[@B08]. The space-time permutation scan statistic also calculates secondary clusters. To test the hypothesis of the non-random location of these clusters, 9999 Monte Carlo permutations were performed. If the Poisson generalized likelihood ratio of the \'cluster 1\' (or other secondary clusters) exceeds 5% of the maximum ratios calculated by permutations, the cluster is significant at *p* \< 0.05. The space-time scan statistic was performed separately for each year.

The SaTScan version 9.1.1 software developed by Martin Kulldorff, Harvard Medical School (Boston, USA) and the Information Management Services Inc (Maryland, USA) was used.

RESULTS
=======

The year 2009 had the highest viral circulation, with 9007 reported cases of influenza A(H1N1)pdm09 in Argentina. During this year, there were two space-time clusters: the main cluster was located in the eastern part of the province of Buenos Aires, during the months of May and June, while the secondary cluster was located in central-northern Argentina, without occupying the provinces of Entre Rios, Corrientes and Misiones, during the months of July and August ([Table 1](#t01){ref-type="table"} ^,^ [Fig. 2](#f02){ref-type="fig"}). In 2010, the lowest number of cases (n = 14) was reported and no space-time clusters were detected. In 2011, the number of cases increased (n = 160) and there were two clusters: the first, between the months of May and July, was located in central-western Argentina, mainly occupying the provinces of Mendoza, San Juan and San Luis, while the second cluster was located in the north of the country during the months of September and November ([Table 1](#t01){ref-type="table"} ^,^ [Fig. 3](#f03){ref-type="fig"}). Finally, 2012 showed the highest number of cases (n = 341) recorded after 2009, the year of the onset of the virus in Argentina. There were three clusters: the first was recorded in northern Argentina, between February and July, the second cluster was located in the center-west, between the months of September and October, and the third cluster was located in the northeast of the country, mainly in the province of Corrientes, during the month of August ([Table 1](#t01){ref-type="table"} ^,^ [Fig. 4](#f04){ref-type="fig"}).
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###### Characteristics of clusters of cases of influenza A(H1N1)pdm09 in Argentina, 2009-2012

                  Period (months)      Observed cases   Expected cases   Test statistic   *p*
  --------------- -------------------- ---------------- ---------------- ---------------- ----------
  *Year 2009*                                                                              
      Cluster 1   May-June             2093             1442.77          157.22           \< 0.001
      Cluster 2   July-August          1779             1207.01          139.60           \< 0.001
  *Year 2011*                                                                              
      Cluster 1   May-July             64               28.48            21.61            \< 0.001
      Cluster 2   September-November   72               37.03            18.43            \< 0.001
  *Year 2012*                                                                              
      Cluster 1   February-July        49               11.64            35.28            \< 0.001
      Cluster 2   September-October    75               35.64            19.09            \< 0.001
      Cluster 3   August               102              63.64            12.54            \< 0.001

[Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"} show the rates of notifications of influenza H1N1 in each spatial-temporal cluster. In 2009, within cluster 1 there were higher rates of notifications of influenza A(H1N1)pdm09 in the young population (0-14 years) and lower rates in the older population (60+) compared to the other age groups. Cluster 2 showed lower rates in the age groups: 5-14, 60 and older, compared to the other groups. When comparing the two clusters, lower rates were observed in children under 14 years and a higher rate in the group aged 15 to 29 in cluster 2 ([Table 2](#t02){ref-type="table"}). No differences between sexes ([Table 3](#t03){ref-type="table"}) were observed.

###### Reported cases of influenza A(H1N1)pdm09 per 100000 inhabitants (2010 Census) by age group, Argentina 2009-2012

                  0-4 yr   5-14 yr       15-29 yr   30-44 yr      45-59 yr   60+ yr                                                           
  --------------- -------- ------------- ---------- ------------- ---------- ------------- ------- ------------- ------- ------------- ------ -----------
  2009                                                                                                                                         
      Cluster 1   23.80    21.25-26.57   17.23      15.67-18.90   10.94      09.94-12.00   11.82   10.70-13.01   12.40   11.09-13.82   6.06   5.16-7.07
      Cluster 2   12.29    10.40-14.44   8.13       7.06-9.31     13.43      12.24-14.71   13.85   12.47-15.34   12.60   11.09-14.27   5.21   4.22-6.38
  2011                                                                                                                                         
      Cluster 1   6.64     4.22-9.97     2.38       1.38-3.84     1.46       0.81-2.43     1.42    0.72-2.54     0.56    0.14-1.53     0.20   0.01-0.98
      Cluster 2   2.79     1.65-4.44     0.62       0.29-1.18     1.09       0.66-1.69     1.44    0.87-2.26     1.40    0.76-2.38     0.30   0.05-0.99
  2012                                                                                                                                         
      Cluster 1   3.19     1.73-5.42     1.44       0.78-2.45     1.23       0.69-2.06     0.79    0.32-1.65     0.56    0.14-1.52     0.48   0.08-1.59
      Cluster 2   1.60     1.02-2.41     0.26       0.12-0.52     0.20       0.09-0.39     0.38    0.21-0.64     0.58    0.33-0.95     0.47   0.25-0.82
      Cluster 3   9.30     5.98-13.86    2.02       1.06-3.52     4.78       3.36-6.60     4.14    2.63-6.21     3.05    1.65-5.19     0.98   0.25-2.66

###### Reported cases of influenza A(H1N1)pdm09 per 100000 inhabitants (2010 Census) by sex group, Argentina 2009-2012

                  Female                 Male     
  --------------- -------- ------------- ------- -------------
  2009                                            
  Cluster 1       12.77    12.02-13.55   12.70   11.93-13.51
      Cluster 2   13.48    12.62-14.37   12.19   11.36-13.06
  2011                                            
      Cluster 1   1.10     0.69-1.67     2.39    1.75-3.20
      Cluster 2   1.04     0.73-1.45     1.40    1.03-1.87
  2012                                            
      Cluster 1   0.94     0.59-1.45     1.38    0.93-1.98
      Cluster 2   0.42     0.29-0.58     0.52    0.37-0.69
      Cluster 3   3.50     2.61-4.60     4.16    3.16-5.37

In 2011, there was a significantly higher rate of notifications in individuals under five years compared to other age groups in cluster 1 ([Table 2](#t02){ref-type="table"}). There was also a higher rate in men as compared to women in cluster 1 but not in cluster 2. In cluster 2 there were no large variations between notification rates by age and gender groups.

In 2012, only cluster 2 showed a higher rate of notifications in the age group under five years compared to all other age groups, meanwhile cluster 1 showed higher rates for the 30-44, 45-59 and 60 + age groups ([Table 2](#t02){ref-type="table"}). In cluster 3, there were also higher rates of notification in individuals under five years, compared to the 5-14, 45-59 and 60 + age groups ([Table 2](#t02){ref-type="table"}). In the three clusters, there was no difference between the rates by sex. In general, notification rates by age group and sex were higher in cluster 3 than in clusters 1 and 2.

DISCUSSION
==========

Spatiotemporal variations were observed in cases of influenza A(H1N1)pdm09 in Argentina between 2009 and 2012, and the spatiotemporal clusters showed differences in the composition of age groups.

There was a difference between the spatiotemporal pattern recorded in 2009, the year of the emergence of influenza A(H1N1)pdm09, and the patterns found between 2011 and 2012. In May and June of 2009, cluster 1 was located around agglomerate Buenos Aires, the main entrance of individuals from countries in the Northern Hemisphere to South America, through Ezeiza International Airport, and south-east of the province of Buenos Aires. Between the months of July and August, there was another cluster in north-central Argentina, apart from the Mesopotamian provinces located to the east of the country (Entre Rios, Corrientes and Misiones). This cluster 2 comprised six of the 10 largest cities of Argentina, according to the 2001 Census. Apparently, the spatiotemporal distribution of cases of influenza A(H1N1)pdm09 followed a hierarchical pattern along the settlement system in 2009. After a year with very few cases, there was a change in the location of spatiotemporal clusters between 2011 and 2012, now being distributed near the border areas with neighboring countries. In 2011, the location of cluster 1, which comprises the provinces of Mendoza and San Juan, could be related to an abrupt increase in cases of influenza A(H1N1)pdm09 in Chile since epidemiological week (EW) 27 (n = 48)[@B16]. The location of cluster 2, in northern Argentina, during the months of October and November, coincided with a peak of confirmed cases (n = 343) in southern Bolivia (data from Santa Cruz) for EW 39 (end of September) and the emergence of cases of influenza A(H1N1)pdm09 in Paraguay between epidemiological weeks 42 and 46 (October and November)[@B16].

In 2012, there was also a relationship between increased cases registered in Santa Cruz de la Sierra (southern Bolivia) during February and June, and a peak of cases in Paraguay during the last week of June and the spatial-temporal cluster located in northern Argentina, in February and July[@B16]. The duration of cluster 1 was unusually long when compared to that of the other clusters. The relationship with the two outbreaks in the two bordering countries can be related to the unusual length of cluster 1. The outbreak observed in Paraguay could also be related to the spatiotemporal cluster mainly located in Corrientes, during the month of August. In the case of cluster 2, located in the center of the country and bordering Chile, there appears to be no interaction because there were very few cases in this country. It is likely that there could be a transmission of cases from cluster 3, recorded in August, to cluster 2, with cases observed between September and October.

These spatiotemporal changes between 2009 and 2011-2012 correspond to a transition of transmission of influenza A(H1N1)pdm09 in two stages. The first stage is characterized by an interaction with individuals from Northern Hemisphere countries through major cities of Argentina (hierarchical transmission). The second stage is characterized by greater interaction in some border areas without a clear pattern of hierarchical transmission. Related to this, in the coastal area of Peru, the first outbreak occurred in 2009, which included the major metropolitan area of the country (Lima) in June[@B04]. This outbreak mainly affected children of school age. In July, the outbreak was dispersed to the rest of Peru, affecting all age groups[@B04]. The southernmost provinces of Argentina have not shown space-time clusters. However, it has been found that colder and drier temperatures, as recorded in these regions, increase the transmission of influenza virus[@B06] ^,^ [@B11]. There may be other spatial and sociodemographic factors affecting the circulation of influenza A(H1N1)pdm09. The increase in public transport use or a younger population structure has been associated with higher incidences and hospitalizations due to influenza A(H1N1)pdm09[@B12] ^,^ [@B20]. These Patagonian provinces are characterized by low population densities and relatively large buffers between the main urban centers. These spatial and socio-demographic factors could play a more important role in the transmission of influenza A(H1N1)pdm09. Furthermore, the results analyzed in this study seem to suggest that the seasonality of influenza A(H1N1)pdm09 appears to be similar to other types and subtypes of flu virus in Argentina[@B16].

In 2009, while in cluster 1 (May-June) the highest rates of notifications were recorded in individuals under 15, in cluster 2 (July to August) rates were similar in most age groups, but with lower reporting rates in the 5-14 and 60+ age groups. This significant decrease in the first age group could reflect the role that school closures could have had on the level of transmission in the school population. This strategy has had a positive effect on the reduction of cases of influenza A(H1N1)pdm09 pandemic in Tierra del Fuego, at the southern end of Argentina[@B15].

Except in 2010, the clusters located in the center of the country reported higher rates of case notification of influenza A(H1N1)pdm09 in children under five years compared to other age groups, while during 2011 and 2012, there were no differences in notification rates between age groups and sexes between clusters located in northern Argentina.

The highest notification rates in children under five years are consistent with data analyzed by BANDARANAYAKE *et al.* [@B02], who found higher rates of hospitalization for influenza A(H1N1)pdm09 in children under five years in New Zealand, during the two outbreaks of 2009 and 2010. This skewed distribution towards younger individuals agrees with the hypothesis of an extended immunization of older adults, born before 1969, exposed to any of the three pandemics during the first half of the twentieth century[@B03] ^,^ [@B17]. On the other hand, in Mexico, the proportion of hospitalizations for influenza A(H1N1)pdm09 was higher in older individuals in an outbreak in 2011-2012 compared to 2009[@B03].

This study has some limitations, mainly due to the quality of the data used and the strategy for obtaining the samples used by the health system. Regarding the quality, in areas of lower population density and less access to clinical virological laboratories the number of notifications could have been underestimated. However, SIVILA (Sistema Nacional de Vigilancia por Laboratorios) already had sentinel units in all provinces of Argentina in 2009. Concerning sampling strategies, this was changed in mid-June 2009, when the sampling of severe cases was prioritized. This change may also have affected the spatiotemporal patterns recorded in 2009. In addition, other studies are needed to describe the spread of the virus through genetic and antigenic data.

In conclusion, this study\'s results suggest important spatial and temporal variations in notifications of influenza A(H1N1)pdm09 in Argentina, that pose the need for greater coordination in the Southern Cone countries at the time of carrying out the policies of prevention and vaccination.
